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,QWURGXFWLRQ
5LFH VWUDZ UHVLGXH LV OLJQRFHOOXORVLFELRPDVV WKDW LVQRUPDOO\ OHIWRQ WKH ULFH ILHOGDQGEXUQHG WRGLVSRVHDIWHU
KDUYHVWLQJVHDVRQ,Q7KDLODQGDERXWPLOOLRQPHWULFWRQVRIULFHVWUDZVLQZDVSURGXFHG>@%DVHGRQ
WKLVVWDWLVWLFGDWD WKH WKHRUHWLFDOHPLVVLRQSHU\HDURIXQFRQWUROOHGJUHHQKRXVHJDV IURPWKH ULFHVWUDZUHVLGXHV LV
DERXW  WRQ KRZHYHU WKHUH LV QR RIILFLDO UHFRUG IRU WKH XVH RI WKLV IHHGVWRFN IRU ELRIXHO SURGXFWLRQ >@
7KHUHIRUH LW LV LQWHUHVWLQJ WR SURPRWH LWV XWLOL]DWLRQ DQG DOVR RWKHU DJULFXOWXUDO ZDVWHV WR SURGXFH ELRIXHOV 7KH
XWLOL]DWLRQRIULFHVWUDZUHVLGXHVLVQRWRQO\SURYLGLQJEHQHILWVWRHQHUJ\VHFXULW\EXWDOVRWRWKHHQYLURQPHQWDVZHOO
$QDHURELFGLJHVWLRQRIDJULFXOWXUDOUHVLGXHVLVDSURFHVVWKDWKDVEHHQFRQWLQXRXVO\GHYHORSHGIURPODEVWXG\WR
LQGXVWULDOVFDOHDSSOLFDWLRQEHFDXVHLWVDELOLW\WRGHJUDGHRUJDQLFPDWWHULQWRYDOXDEOHELRJDVDQGLQWRDQXWULHQWULFK
GLJHVWDWHZLWKDJURQRPLFTXDOLWLHV>@/LJQRFHOOXORVLFELRPDVVLVK\GURO\]HGWRVXJDUVE\OLJQRFHOOXORO\WLFHQ]\PHV
SURGXFHGE\YDULRXVPLFURRUJDQLVPV)HUPHQWDEOHVXJDUV WKHQFRXOGEHFRQYHUWHG WRELRJDV WKURXJKIHUPHQWDWLRQ
SURFHVV+RZHYHURQHRIWKHPDLQSUREOHPRIELRJDVSURGXFWLRQLVWKHGLIILFXOW\LQK\GURO\VLVVWHSEHFDXVHRIWKH
UHFDOFLWUDQWVWUXFWXUHVRIELRPDVV>@,RQLFOLTXLG,/SUHWUHDWPHQWJDLQHGDWWHQWLRQEHFDXVHLWLVJUHHQVROYHQWWKDW
HIIHFWLYHO\VROXELOL]HVFHOOXORVHDQGFDQEHUHF\FOHGIRUPDQ\URXQGVRISUHWUHDWPHQW>@,/SUHWUHDWPHQWKDVPDQ\
DGYDQWDJHVLQFOXGLQJKLJKPRQRPHULFVXJDU\LHOGVVKRUWSUHWUHDWPHQWWLPHVORZSURGXFWLRQRIFHOOXODVHLQKLELWRU
>@8QIRUWXQDWHO\LQKLELWRU\HIIHFWVRI,/VWRFHOOXODVHHQ]\PHVKDYHEHHQREVHUYHG>@2QHRIWKHVWUDWHJLHV
WRRYHUFRPHLQKLELWRU\HIIHFWVRI,/VRQFHOOXODVHDFWLYLWLHVLVXVLQJRIWKH,/WROHUDQWFHOOXODVH+HUHZHDLPHGWR
SURGXFH,/WROHUDQWFHOOXODVHIURPQHZO\EUHGPLFURELDOFRQVRUWLXP &7IRUDSSOLFDWLRQLQELRJDVSURGXFWLRQ7KH
OLJQRFHOOXORO\WLF DFWLYLWLHV RI &7 ZHUH DQDO\]HG LQ EXIIHU FRQWDLQLQJ ,/ HWK\OPHWK\OLPLGD]ROLXP DFHWDWH
>&PLP@>2$F@WRREVHUYHWKHWROHUDQFHHIIHFWRISXULILHGFHOOXODVH)XUWKHUPRUH&7ZDVDOVRDSSOLHGLQELRJDV
SURGXFWLRQLQDQDHURELFEDWFKUHDFWRUDQGELRJDV\LHOGZDVREVHUYHGWRILQGFRUUHODWLRQZLWKFHOOXODVHDFWLYLWLHV
0DWHULDOVDQGPHWKRGV
2.1. Isolation of microbial consortium 
7KHPLFURELDOFRQVRUWLD&7ZDVREWDLQHGIURPVDOLQHVRLOLQULFHSDGGOHILHOGLQ1DNKRQUDFKVULPDSURYLQFH
7KDLODQG2QHJUDPRIVRLOZDVGLVVROYHGLQPORIEDVDOPHGLXPFRQWDLQLQJZYULFHVWUDZ1D12
.+32.&O0J62\HDVWH[WUDFW(DFKFXOWXUHZDVLQFXEDWHGDW&XQGHUDHURELF
FRQGLWLRQV IRUGD\V7KHQPORI WKHFXOWXUHZDV WUDQVIHUUHG LQWRPORI IUHVKPHGLXP7KHSURFHGXUHZDV
UHSHDWHGE\VXFFHVVLYHVXEFXOWLYDWLRQVIRUWLPHVWRREWDLQDVWDEOHFRPPXQLW\FDSDEOHRIGHJUDGLQJULFHVWUDZ
2.2. Preparation of cellulase enzyme and study of cellulase activity 
ORI&7ZDVLQRFXODWHGLQPOEDVDOPHGLXP7KHPL[WXUHZDVLQFXEDWHGDW&IRUGD\LQVKDNHU
LQFXEDWRUDQGXVHGDVDVWDUWHULQRFXOXP7KHQPORIIUHVKPHGLDZDVLQRFXODWHGZLWKVWDUWLQJLQRFXOXP7KH
FXOWXUHVZDVFHQWULIXJHGDWUSPIRUPLQ7KHVXSHUQDWDQWVZHUHFROOHFWHGDVWKHFUXGHHQ]\PH7KHFUXGH
HQ]\PH ZDV SUHFLSLWDWHG E\ WKH DGGLWLRQ RI 1+62 DQG ZDV FROOHFWHG E\ FHQWULIXJDWLRQ 7KH SHOOHWV ZHUH
UHVROXELOL]HGLQP0VRGLXPSKRVSKDWHEXIIHUS+DQGZDVGHVDOWHGE\XVLQJGLDO\VLVPHPEUDQH7KHVDPSOHV
ZHUHFRQFHQWUDWHGDQGVXEMHFWHGWRD6HSKDFU\O6FKURPDWRJUDSK\FROXPQDWDIORZUDWHRIPOPLQ(DFK
HOXWHGIUDFWLRQZDVFROOHFWHGVHSDUDWHO\WRWHVWIRUHQ]\PHDFWLYLW\>@
7RPHDVXUHHQ]\PHDFWLYLWLHVZYFDUER[\PHWK\OFHOOXORVH&0&ZHUHDGGHGDQGLQFXEDWHGDW&IRU
KWKHQWKHDPRXQWRIUHGXFLQJVXJDUZDVPHDVXUHGE\XVLQJ'16DVVD\>@7RHYDOXDWHWKH,/WROHUDQWSURSHUWLHV
RIFHOOXODVH0DQG0RI>&PLP@>2$F@6LJPD$OGULFKZHUHDGGHG7KHRSWLPXPWHPSHUDWXUHDQGS+RI
WKHFRQFHQWUDWHGFHOOXODVHZHUHGHWHUPLQHGE\YDU\LQJUHDFWLRQWHPSHUDWXUHVIURPWRR&DQGS+IURPWR
7R WHVW WKH HIIHFW RI S+ HDFK UHDFWLRQ ZDV SHUIRUPHG LQ DSSURSULDWH EXIIHU FRQWDLQLQJ ZY RI &0& WKDW
DGMXVWHG S+ WR WHVWHG FRQGLWLRQ  VRGLXP DFHWDWH  VRGLXP SKRVSKDWH  7ULV+&O 7KH
UHDFWLRQVZHUH VHWXSDW R&7R WHVW WKHHIIHFWRI WHPSHUDWXUHHDFK UHDFWLRQZDVSHUIRUPHG LQP0VRGLXP
SKRVSKDWHEXIIHUDWS+RI$OOH[SHULPHQWVZHUHSHUIRUPHGZLWKWKUHHUHSOLFDWHV
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7RREVHUYHWKHHIIHFWRI&7RQWKHELRJDVSURGXFWLRQWKHEDWFKDQDHURELFGLJHVWHUVZHUHVHWXS7KHDQDHURELF
VOXGJHZDVREWDLQHG IURPDQ DQDHURELFGLJHVWHU SODQW LQ ORFDOPXQLFLSDOZDVWHZDWHU WUHDWPHQWSODQW LQ%DQJNRN
7KDLODQG7KHFKDUDFWHULVWLFVRIWKHVHHGLQRFXOXPZHUHS+RIrrJ/RIWRWDOVROLG76DQG
rJ/RIWRWDOYRODWLOHVROLG96>@7KHLQRFXOXPZDVSUHSDUHGDVRXUSUHYLRXVVWXG\>@%DWFKELRJDV
SURGXFWLRQH[SHULPHQWVZHUHSHUIRUPHGDWR&LQVHDOHGIODVNVZLWKPORIZRUNLQJYROXPHFRQWDLQLQJ76
RIDQDHURELFZDVWHZDWHUVOXGJHZZRIULFHVWUDZZZRI&7PORI1XWULHQWEURWKPHGLDDQGPO
RIELFDUERQDWHEXIIHUS+7KHDPRXQWRIELRJDVSURGXFHGZDVUHFRUGHGXVLQJZDWHUGLVSODFHPHQWPHWKRG(DFK
EDWFKH[SHULPHQWDOWHVWZDVFDUULHGRXWLQWULSOLFDWHZLWKGD\SHULRG
5HVXOWVDQGGLVFXVVLRQ
3.1. Analysis of cellulase activity isolated from CT-1 microbial consortium 
7KHRSWLPXPS+DQGWHPSHUDWXUHRIFHOOXODVHZHUHLQYHVWLJDWHGWRILQGZRUNLQJFRQGLWLRQZKLFKZDVODWHUXVHG
LQ,/WROHUDQWVWXG\7RILQGWKHRSWLPXPS+&0&VXEVWUDWHZDVK\GURO\]HGDWR&ZLWKLQGLIIHUHQWS+RIEXIIHUV
S+WR)LJ7KHRSWLPXPS+ZDVS+ZKLFKZDVWKHUHDFWLRQWKDW\LHOGHGWKHKLJKHVWDPRXQWVRIVXJDUV
LQGLFDWLQJ WKDW WKLV FHOOXODVH SUHIHUUHG WKH DFLGLF FRQGLWLRQ 7KHQ RSWLPXP WHPSHUDWXUH RI &7 FHOOXODVH ZDV
GHWHUPLQHGE\VHWWLQJK\GURO\VLVUHDFWLRQVDWGLIIHUHQWWHPSHUDWXUHWRR&)LJ7KHRSWLPXPWHPSHUDWXUH
ZDVREVHUYHGDWR&0RUHWKDQRIWKHPD[LPXPK\GURO\VLVHIILFLHQF\ZDVREVHUYHGEHWZHHQWKHUDQJHRI
±&7KHUHIRUHWKHZRUNLQJFRQGLWLRQRI&7FHOOXODVHLQ,/WROHUDQWH[SHULPHQWZDVVHWDWS+DQGR&














)LJDS+EWHPSHUDWXUHRIFHOOXODVHHQ]\PHH[WUDFWHGIURP&7PLFURELDOFRQVRUWLXP7KHDPRXQWVRIUHGXFLQJVXJDUVZHUHUHSRUWHG
KHUHDVDEVRUEDQFHDWQP
7KHDSSOLFDWLRQRI&7FHOOXODVHZDVSULPDULO\DLPHGWRLQFRUSRUDWHGZLWK,/SUHWUHDWPHQW7KHUHIRUHWKH,/
WROHUDQWSURSHUW\RIFHOOXODVHZDVHYDOXDWHGKHUH7KHHIIHFWRI>&PLP@>2$F@DWDQG0FRQFHQWUDWLRQRQ
FHOOXODVHZDV REVHUYHG XVLQJ GLIIHUHQW FRQFHQWUDWLRQ RI&0& VXEVWUDWH    0 )LJ $W  0RI
&0&WKHK\GURO\VLVHIILFLHQF\RIFHOOXODVHZDVUHGXFHGWKHPRUH,/ZDVDGGHGWKHOHVVK\GURO\VLVHIILFLHQF\ZDV
REVHUYHG+RZHYHUFHOOXODVHH[SUHVVHG WKH ,/WROHUDQWSURSHUWLHVEHFDXVH LW UHWDLQHG WKHDFWLYLWLHV WRDQG
 LQDQG0>&PLP@>2$F@ UHVSHFWLYHO\$W ORZHUFRQFHQWUDWLRQRI&0&DQG0 WKH
K\GURO\VLVHIILFLHQF\RI,/FRQWDLQLQJUHDFWLRQDWDQG0ZDVKLJKHUWKDQQRQ,/FRQWDLQLQJUHDFWLRQ



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
)LJ(IIHFWVRI>&PLP@>2$F@FRQFHQWUDWLRQRI0RQ&7FHOOXODVHZHUHGHPRQVWUDWHG
3.2. Effect of CT-1 microbial consortium on biogas production 
0LFURELDOFRQVRUWLDREWDLQHGIURPYDULRXVQDWXUDOVRXUFHVKDYHEHHQDSSOLHGWRLPSURYHELRJDVSURGXFWLRQIURP
YDULRXV W\SHV RI OLJQRFHOOXORVLF ELRPDVV GHSHQGLQJ RQ WKHLU HQ]\PH HIILFLHQF\ DQG VWDELOLW\ >@ 7R VWXG\ WKH
LQIOXHQFHRIWKH&7RQELRJDVSURGXFWLRQWKHULFHVWUDZELRPDVVZDVXVHGDVVXEVWUDWHIRUDQDHURELFIHUPHQWDWLRQ
7DEOHUHSUHVHQWHGWKHDFFXPXODWHGELRJDV\LHOGREWDLQHGIURPEDWFKUHDFWRUVZLWKDQGZLWKRXW&7:LWKGD\
SHULRG WKH DFFXPXODWHG ELRJDV SURGXFWLRQ \LHOGHG IURP WKH FRQWURO VHW ZDV  POJ96 ZKLOH DQRWKHU VHW
FRQWDLQLQJ&7\LHOGHGPOJ967KLV UHVXOWGHPRQVWUDWHG WKDW&7HQKDQFHG WKHELRJDVSURGXFWLRQIRU
 WLPHV FRPSDUHG WR FRQWURO $GGLWLRQDOO\ WKH VXEVWUDWH GHJUDGDWLRQ DELOLW\ LQ DQDHURELF GLJHVWHU ZDV DOVR
HYDOXDWHG E\XVLQJ FRQWHQWV RI WRWDO VROLG 76 YRODWLOH VROLG 96 DQG FHOOXORVH FRQWHQW DV LQGLFDWRUV 7DEOH 
&RPSDULQJWRFRQWUROVHWWKHDELOLW\WRGHJUDGHVXEVWUDWHRI&7ZDVRI76RI96DQGRI
FHOOXORVHZKLFKKLJKHUWKDQFRQWUROVHWIRUDQGWLPHVUHVSHFWLYHO\
7DEOH%LRJDVSURGXFWLRQDQGGHJUDGDWLRQDELOLW\REWDLQHGIURPDQDHURELFGLJHVWHUV
 $QDHURELFGLJHVWHU
 &RQWURO &7
&XPXODWLYHELRJDVSURGXFWLRQPOJ96  
'HJUDGDWLRQDELOLW\  
7RWDOVROLG76  
9RODWLOHVROLG96  
&HOOXORVHFRQWHQW  
&RQFOXVLRQ
7KHFHOOXODVHDFWLYLW\RI&7ZDVVWXGLHGDQGVKRZHGLWVSRWHQWLDOLQLQGXVWULDODSSOLFDWLRQDVLWFDQWROHUDWHKLJK
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